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OF TENNESSEE 


By EDWARD J . RUTTER, 1 ASCE 


_ The reservoir system of the enone Vv Valley Authority (TV: A), in n Kentucky, 
Tennessee, North Carolina, Alabama, and Georgia, has become of j inereasing: 
effectiveness i in reducing flood stages since ‘Norris | Dam w as closed i in M: arch, : 


1936. ith 1 the “closure of Fontana Dam on the Little Tennessee River er in 


«1944 and ‘Kentucky ‘Dam near the mouth of the Tennessee | River i in 1945, the 


reservoir system for ‘flood control « on the Tennessee River \ was ‘practically 


‘completed. ‘The first real tests of operation. for ‘flood reduction oceurred 
_ Samar, 1946, January, ‘and February, 1948, when severe storms passed 
er the basin. These storms would have produced the fifth, sixth, and seventh — 


ls, at Chattanooga, Tenn., if the reservoir 


ghest_ ‘natural flooc 
stem had not regulated the crest stages; and the floods of February, 1948, 
January, 1946, would hav e been the fifth and the elev enth highest, re- 


ecti on the low er River i n the of Kentucky Dam. 


in n peak s st tage at di: am at critical 


points are tabulated, and compari sons are made between the actual crest 

reductions and possible reductions if other methods of | oper: 


_ Another flood on the Ohio and Mississippi | riv ers occurred i in 1 April, 1948, 


a after me major flood season in ‘the Tennessee Basin and w vhen the TV A res-_ 
‘oirs were re being t tor maximum normal lev els. effect of the reservoirs 


INTRODUCTION 

As a result. of heavy rainfall occurring in the 3- -day period from January 


6 to January 8, 1946, serious flood conditions were produced along the Tennessee | 


—  Note.—Written comments are invited for publication; the last discussion should be submitted by | 


Hydr. Engr., TVA, Knoxville, Tenn. 
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River: ando on yn the low er Ohio River at Cairo, Ill., about 30 n miles _ ; of ‘Paducah, 7 
‘Ky. (see Fig. 1). x‘ In the following year (1947) another storm occurred in the 
_ 8-day period from eeu 14 to January 21, also producing serious flood condi-- 
a tions along the Tennessee River. _ Because the 1947 storm was relatively _ 
Tighter on the lower Tennessee River Basin, that flood did not reach the s: same 
_ proportions on the lower Tennessee and Ohio Tivers asd did the 1946 flood. In 
- February, 1948, for the third consecutive - year, ‘a storm occurred which would 
have caused damaging stages at Chattanooga and which would have ee] 
_. record or near-record floods on some tributaries. 3 Studies of the operation o of 
TVA reservoir’ system | during these three floods show that peak stages 


were affected and that substantial in flood | damages were 


1946 rainfall (see Fig. 2) producing the 1946 flood occurred 
two the first for 3 and for about 1 day. 


in The highest average amount in one e day was 3 2. 61 in. below “tees 
and 2.18 in. above Chattanooga. 7 Minor amounts of rain fell later during the — 
“fond at these had little effect” on the peak rates of flow. . Between the two 
: = additional rainfall was ; predicted which did not develop, particularly 
over the eastern section, and the predictions influenced the operation of = _ 


- main-river reserv oirs by requiring that a greater part of the av: ailable storage 


_ 1947 Storm. —The rainfall producing the 1947 flood was ‘not a as intense as 
that in 1946, the highest average ‘amount falling ¢ over the area above Chat- 

_ tanooga in one day being 1.93 in. Below Chattanooga the greatest rainfall in 

_ one day was 1 09 i in. The 1947 storm, howev er, extended over a longer time, 
and the total ‘rainfall above Chattanooga was greater than it was: in 1946. 
"Rainfall was reported for r 8 days continuously from January 14 14 to January a1, 

1947, but the amounts - reported on the first and last’ days we were insignificant. 

4 The total average amount above Chattanooga was 6.07 in., and below Chat 


tanooga it was 4.13 in. Daily rainfall in the 1947 storm also i is shown in Fig. 2. 
194 8 Storm.—From February 5 to February 10, 1948, precipitation averag-_ 
ing less than 1 in. per day occurred 0 over the Tennessee River Basin. — On 
ebruary 11, additional rainfall was predicted of generally than 1 in, 
~ On the morning of February 12 greater amounts occurred than had been pre- 
dicted, ranging to as much as 3 in. at some points. ‘Succeeding forecasts indi- 
cated more rain and the actual rainfall was. closer to the forecasts than i 
February ll. On ‘the morning of February 13, as much as 4 in. or 5 in. was 
-Teported for. the e preceding 24 hours, and on the morning of February 
amounts up to 2 in. or 2.5 in. reported. The rainfall was generally 
heavier over the a area below Chattanooga than on the area above Chattanooga, 
and also was much heavier below the tributary ‘dams than above them. — The 
7 Emory River Basin, with an area of 865 sq miles on which there is no reservoir 


control, received more than 7 in. in 3 days at some e points ar and was a large 


contributor to the crest at Chattanooga. 
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‘The maximum daily rainfall was 1.32 in. on February 


ve 3. 42 in. in n3 some 
Zt. Emory amounts comparable. ‘to those 


‘received on the lower basin. 


: _ Differences i in the areal distribution of the storms above Chattanooga are 
- shown by the amount of inflow ‘stored in the tributary r reservoirs (see sub- 
7 sequently i in Table 3). The « operation of the reservoirs was about the same _ 
- during each flood— that is, small releases for power generation were made as 
- required, but the relative amount stored in Cherokee and Fontana reservoirs” 
= substantially more in the 1947 flood than in the 1946 flood, and sub- 

_ stantially less was s stored in Norris and Douglas reservoirs. _ The 1946 storm, 

_ however, ‘was more intense over the area. between Chickamauga a and Watts 


Bar dams, more than 56 in. being reported for 1 day at several stations. 
_ The function of 1 the tributary reservoirs in a in a flood- control ‘operation is to 
~ retain that’ part of their inflow which would contribute to the flood at Chat-— 
- tanooga, and to release the stored water as soon as practicable after the fi flood. 
In great floods it will not be possible to retain all inflow. — Consequently, s some 
én will be made in the early part of each flood so that, in case the flood 
~ should develop in into an extreme e one, all storage capacity will not have | been 
filled before the peak inflow occurs. io The amount of this early discharge will 
vary with the reservoirstage. -Flood- 
storage capacity reserved on March —Foop- ‘STORAGE CAPACITY 
at seven tributary reservoirs i TENNESSEE VALLEY 
a giveninTablel, Avrgorrry Reservoirs 
1946 Flood.— —During the month As oF Marco 15 
of December, 1945, tributary reser- 
RESERVATION 
season levels for. January , by ‘sub- | 
gates. At the beginning of the 1946 feet 


4 storm on January 5, all thenormal 29 | 807,200 


‘541 ‘1,019,800 
reservoirs wereat or below the normal Fontana.......| 1,571 | 581,800 


1,377,000 


level for that date. During the flood, "245,100 


Chatuge 
Nottely 


releases of water were limited to 

power production until after the 

peak stage was reached at Chatta- 

nooga (about January 10) when additional water was released through the 
sluices to reduce the reservoirs to normal levels. These levels were reached 

about 15 days or 20 days after the beginning of the flood. ye eaten 
ON ormal level is defined in this paper as the maximum level to which the 
reservoir may r rise € except d during a flood-con -control operation. —_ level varies 
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FLOOD CONTROL 
with the s season the year. For the tributary reservoirs it increases from 
January 1 to March 15 and then rises more rapidly to April 1. After April 1 
- the reservoirs may be filled to within a few feet of the top of spillway gates if . 
there is sufficient stream flow, but they must be lowered during the summer and 
fall to the level for January 1. 
— 1947 Flood.—In the fall ‘of 1946 stream flow was s below normal and the 
demand for power production was high. ~The tributary reservoirs, therefore, 
were r reduced to levels substantially below normal for January 1, except in 
= case of Douglas Reservoir which was drawn to normal level by sluice gate eel: 
= eleases. _ A small amount of runoff resulted from a storm on January 1, 1947, 


nd the re reservoirs were partly” filled to their normal levels. — ? At the beginning aS 
of the flood on January 14, 1947, the levels were still below normal, except that d : 


_ of Douglas Reservoir which ous 2.3 ft above normal. _ Releases were limited — 
to requirements for power production until January 23, flood danger at Chat-— 

_ tanooga then being over, when 1 additional r releases w were made through the sluices — 
to return the reservoirs to normal levels. ~ As in the 1946 flood, these — i 
were reached from 15 days to 20 days after the beginning of the flood. - 

Flood. —At the beginning of February, 1948, the tributary re reservoirs 

wer ere ‘substantially below their normal flood- -season levels, having been drawn 
down in the preceding dry season for p power generation. Some recov in 

7 ‘these reservoirs was possible from the runoff due to the rainfall on February — 


to 10; even on n February 1, at t the of the heavy re rain-- 


ervoir, r, 29 ft; Chatuge 22 ft; and. Nottely 1 Reserv oir, "38 
a the flood the entire inflow into the tributary reservoirs was stored 
except for a small amount used for power — 2 amount so released 


“greater ‘inflows “could have ‘been stored in n the tributary re reservoirs Sen, 
with the | exception of Douglas Reservoir, by the end of the flood the water 

level had not risen to the 1 normal flood-season level. — Douglas Reservoir rose 
about 14 ft above its s normal level but was lowered after the flood at discharge | 
rates up up to 19,500 cu cu ft per s sec and by March 4 was returned to its normal level. ,. 

_ The other tributary reservoirs continued to rise slow ly after the flood. _ Table 
3 2 shows tl the normal and actual headw water elevations for the three floods, the | 
‘maximum level reached during each flood, the amount stored, and the r remaining 

available storage ae are given in. acre- feet and in inches over the tribu-— 
is the sur sum m of the. maximum amount stored and the remaining available storage 
shown in Table 2. Fig. 3 shows the actual elevations and discharges. of the | 
tributary reservoirs in the 1946 oped Operations in the floods of 1947 and 
1948 followed a similar pattern and are ‘not ‘shown. 
‘These » tributary water- control operations ‘eliminated damage to the 


_ immediately below the dams, and at the end of the flood there was from two 


the flood. 
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FLOOD CONTROL 


are maximum 


wa but these amovnts were not completely ‘effective in every case in 
reducing the flood peak at Chattanooga. a. From January § 8 to January 14, 1946, 
inclusive, and from January 17 to January 26, 1947, the actual discharges at 
Chattanooga were lower than the computed natural discharges. During the 


flood period from February ist to 7 19, 1948, the actual Chattanooga 


TABLE 2. 2.—TripuTary STaces For SoME ‘TENNESSEE 
ALLEY AUTHORITY RESERVOIRS 


Maximum AMouNT 


elevation? ‘elevations 


- aay 1,000 acre-ft Inches | 1,000 acre-ft Inches 


: 


1087.5 


1,909.1 
1,749.4 
1,456.1 


4,061 5.69 


Cherokee... 
Douglas 


= 


_Chatuge.... 
Nottely a 1,737.1 
Hiwassee. . A 


1948 Fioop 


a 
Cherokes....| 1,029. 5.55 


1. 0.30 
97 


Hiwassee. . 1,435.6 1,456.7 AQ 


6 At noon on — 6, 1946, ee 14, 1947, and February 11, 1948, is, > Between the maximum eleva- OO 
reached during the flood and the maximum controlled elevation, HOD, 


to 


discharge was less than the discharge. also” less than. the 
natural discharge before and after these dates, but this 7-day period ringer 
the time when tributary inflow should have been retained f for the benefit of of 


Chattanooga. ‘The amounts stored in the tributary reservoirs: during these 
periods allowing for a time of travel to Chattanooga, represent more correctly _ 


— 


the relative control afforded by each of the reservoirs. 


> 
a 
» 
: 
— 
“Cherokee....] 1,021.8 | 1,021.1 } 245 | | 
Douglas.....| 936.9 | 935.3 | 408 (169 | 901 | 3.72 
-Fontana.....| 1,617.4 | 1,615.9 | 1,637.5 | 138 ‘165 | 628 | 7.50 
| 1,024.0 | 9986 1,036.4 451 2.47 907° 4.95 
939.2 941.9 9726 | 488 | 2.02 
Fontana.....| 1,620.3 | 1,589.2 | 1,639.4 296 3.54 | 
Norris.......| 980.2 | 969.5 993.2 | 491 | 3.17 1,300, 
1479.2 «| 102, 3.38 992 
|,  Chatuge.....| 1,913.4 | 1,891.5 _ 1,898.0 20 1.98 153 7 
| — 
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> Table 3 shows the amount of inftow and outflo torage in the reservoirs, 
the pe percentage of the inflow w stored at each » reservoir, the amount of water 
stored i in each Teservoir + expressed as a percentage ¢ of the total amount stored i in 
- all: reservoirs, and the area above each reservoir expressed a as a percentage of 
the total controlled drainage area. These amounts are for the flood periods” 
given previously; but, if a shorter period near the crest of the flood were as-— 


sumed, a greater proportion of tributary inflow would be effective because at 
_ the end of the selected — releases to re to return th the reservoirs t to their normal z 


of travel to of controlled 


h nooga, | > in al 
| Outflow Percentage Percentage drainage 


ofintiow | of total | 


142 
136 


100 20% 72.0 . 
134 | 376 | 73.7) | 


Norris. 


--Hiwassee 


‘1,777, 


Douglas...... 
Fontana 


86.000 7 100.0 


in » Chute ont Nottely reservoirs. 


levels had been begun. For ‘example, in the 1947 flood if a period corresponding 
to. the 3- -day period of January 20- —January 22 at Chattanooga 
assumed, more than 83% of the inflow would have been stored, compared with 


75.5% for the longer period. 


| The storage of 86% of the inflow during the 1948 flood represents a a — 


with 15% in the 1947, flood. Such a degree of was 
_ possible because of the low reservoir stages at ites beginning of the flood and | 


not necessarily be obtained in all future floods. 


~ 
| 
= 
585 | 1,192- 67.2 | 100.0 100.0 
3 | 642 | 154 488 | 760 | 271 | 33.9 7 pe 
— 
| 
| 
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err 


10 ‘FLOOD 
a3 Table 3 also shows that in all three floods —— Reservoir ‘iii ‘ae 


"water above its drainage area ratio. > Fontana Reservoir i in 1947 was the 
- other instance when more was stored with respect to its drainage : area. 


_ TENNESSEE Marn- RIVER RESERVOIR OPERATION 
‘The the main- river reservoirs in relation to a flood- control 
"operation is to hold the headwater level at its minimum, or to lower it to that 


minimum in the early part of the flood and then to fill the reservoir during the - 


period of “peak inflow. The rate and of filling ill depend on 


“water is to be be released as soon, as practicable after the flood , considering flood ae 
conditions on the Tennessee, Ohio, and Mississippi rive ers. main-river 
reservoirs above are operated with that city the primary 
consideration. _ Those below Chattanooga are operated primarily for reducing _ 

~ flood crests down nstream from each dam, and for regulating the flow on ” lows Ww er 


The nominal flat- -pool flood storage during the winter months in n eight 
Main-rivers reservoirs is as given in Table4, 


TABLE 4.—FLoop- -STORAGE RESERVATION ON Some TENNESSEE | Vautey 
RESERVOIRS DURING THE WINTER MONTHS 


= 


«Betweendams | = Acre- 


Watts Bar 277° 377,600 


i 5300 Qo 


=) 


In all studies of operation of these reservoirs, storage under : a sloped pr 


was used . During a flood this 1 may be substantially different from the flat- 
"storage in Table 
«1946 Flood.—At the beginning of the 1946 flood all main- -river reservoirs 
were slightly above normal level, but within the range permitted. - Normal | 
— mi level i in the main- river reservoirs is constant from January i to > March 15 hod 
March 31, having been established by navig 
7 15 (or March 31) the level i increases to within a few feet of the ro of the on a 
- but later in the year it must be lowered to the level for | January 1. During the — 
7 1946 flood no attempt was made to lower the three reservoirs above ae ) 
tanooga (Fort Loudoun, W atts | Bar, and Chickamauga) to the minimum levels, : a 
and only part of the available was filled after the flood com-— 
- menced. Because of the continued prediction of additional rainfall, these = 
reservoirs were held ready for storage of any additional inflow that might have 7 
_ developed. © Operation of these reservoirs aided in reducing the peak at Chat- 


_ tanooga; but, because use they wi were drawn down to initial levels soon after the 
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FLOOD CONTROL 
d od the reserv oirs did not reduce the flood volume > during | the 7 day period 


Guntersville headwater level at the dam fluctuated between El. 593 and 
EI. 594 throughout the 1946 flood period. _ Because of lack of excess spillway — 
7 capacity at low levels, Wheeler Reservoir rose about a foot before controlled 
4 ‘storage was needed for peak reduction. — _ The maximum headwater elevation 
reached was slightly above El. 554. At Pickwick Reservoir about 5 ft. coll 
storage ‘space was used, and | the discharge was increased to about 350,000 cu 
— ft per sec. ‘This reservoir was then lowered to discharge the previously stored 
ow rater before the Ohio River crest arrived. Ww hen storage for Cairo peak re- . 
- duction was required, Pickwick Reservoir was again filled to about El. 414. 
On January 5, 1946, Kentucky Reservoir headwater was at its minimum 
-Ravigation level for low flows. On January 6, when it was recognized that a 
tantial g, it was possible to | to lower ‘Kentucky 
Reservoir at ‘the. dam. without interfering navigation requirements a at up- 


stream points. The was increased from about 86, 000 cr cu ft pe per s sec to 


Sy 


a 35- ft stage at Cale: w would be that; higher stages: : 
_ were possible, the discharge was further increased to about 400,000 « cu ft per 
~ sec, in an attempt to draw the reservoir down to El. 346 at the rate of 1 ft per 
7 day. The rate of drawdown of 1 ft band day was not maintained, however, 
because of the rapid increase in inflow. . The minimum elevation, EL. 346, was. _ 
not reached because of the necessity for storing to reduce the Cairo peak stage. >. 
a ti —— on | January 13, the discharge was decreased | to about 264, 000 cu ft - 
ind then held uniform at that rate for for about a a 7 
ek. The maximum reservoir level was El. 359.3 on January 19, 
Actual discharges and reservoir the main- 1-Tiv er dams sare shown hown 
in n Figs. 4 to 8. 
— «1947 Flood.— —Operation of the main-river reserv oirs in the 1947 flood was 
~ generally similar totl that i in the +1946, flood. © At the beginning of the 1947 flood 
. (January 14) the reservoirs were eat, or slightly « above, their n normal levels. The 
three reservoirs above Chattanooga were allowed to rise slightly une Gans 
4 levels until January 17 or January 18 w hen, in view of the continual rain and 
_ predictions of rain, drawdown to approximate normal levels was 18 commenced. 
On January 20, the intense rain ‘required the use of some of the available — 
4 storage to prev ent damaging stages at Chattanooga. _ However, a substantial 


= 


Guntersville allowed to rise se slightly above normal level (El. 
by from no January 14 to January 18, 1947; then it was Annie down to below 


during the of high inflow. W heeler rose a small 
above: normal level (El. 5 50) until January 20 and then, by holding a steady © 
discharge, the reservoir rose to EI. 554.2 on January 23. _ Pickwick I Reservoir 


was drawn down from n El. 410 on January 13 to El. 407. 7 on January 20 and : 
then filled to El. 410 on January 23. Complete u use of the available storage was 


not required because of the stages at Cairo, 
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1947, On this date the Cairo stage stood at about 30 ft and drawdown of the 
‘reservoir was begun. In the 1946 flood, drawdown was started when the Cairo 
stage 1 reached 3: 35 ft, but it was found that drawdown should have been begun 

earlier to accomplish ‘complete drawdown to El. 346. In the 1947 flood draw- 
: down was begun sooner, therefore, in the attempt to reach th the minimum | level. 
On January 22, it was believed that the Cairo stage would not approach 

4 serious proportions and drawdown was stopped. Thereafter, Kentucky Res- 

_ ervoir was refilled to its normal level, El. 354, by February SB | 
948 Flood. —The m main-river reservoirs were all at or close to their normal 
flood -season els on February 5 Some slight occurred 


these reservoirs had been returned to within 1 it of thei normal lev 


_ dams as was prudent in view of the continued prediction of f rainfall, Fe Fort 

;: - Loudoun was filled to about El. 810, W atts Bar to El. 742, and Chickamauga 

to El. 682.5. These reservoirs were promptly returned to their normal levels” ; 
at at gradually decreasing discharge t rates after the crest J had passed Chattanooga. 
‘The n main-river reservoirs below Chattanooga were operated to keep the 

discharge | below each of the dams as low as possible, bearing in mind the possi- 

bility of a serious flood on the Ohio and Mississippi rivers. — Guntersville and 


Wheeler reservoirs: almost filled, and the 


WwW aa a as held at approximately the gate top le lev el 1 (El. 507. 88); 7 


i 
rl 


; but, because of the excessive rainfall in that vicinity, it rose above that level 
and then at the height of the flood was drawn down to slightly below gate 
a Reservoir was practically filled to El. 418 by February 14 but sin 
— ae to be ony for a flood on the lower O Ohio }and Mississippi 


‘The at Kentucky Reservoir was lowered El. 354 on 
_Tuary 1 131 to less than El. 350 on February 22, ,and then was raised i in anticipation 
of the crest at Cairo. _ Stages ‘at Cairo did not reach the point where a full 
‘flood- control operation was required at Kentucky R Reservoir. Actual dis- 
"charges and reservoir elevations at the 1 main-river dams s are shown in Fi igs. 
to 8 for the 1946 flood. 
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Natural discharge for thet Suede were ‘computed a at 
-multiple-p -purpose dams and at other critical points of flooding. Natural 
discharge” means the discharge that would have occurred if these dams had 
; “not been built. Natural hydrographs at t the smaller tributary reservoirs 
(Apalachia, Blue Ridge, Ocoee No. Ocoee No. 2, Ocoee No. 3, the Alcoa 


reservoirs was s disregarded it in computing natural at 
stream points. The combined effect of these smaller reservoirs might 
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‘equivalent to as much as 1 ft on the Chattanooga gage. No was =] 


— to determine the effect of Wilson Reservoir because of its small flood- onee all 
capacity. Hales Bar Dam there was no controlled flood storage and the 


' effec ct of this reservoir is similar ' to that of a natural reach of the river. —_— a 
_ Natural discharge, or reservoir inflow, on each major tributary was com- 
puted by combining the change i in in each 6-hour period and the 
- discharge during the same time, adding the two amounts if the reservoir was | ~, | 


‘rising and | subtracting the ‘change i in storage from the actual discharge if the 
— was falling. The discharge thus computed is the total during the 
-hour period. 1. How ever, for constructing a hydrograph it was assumed that 
oe this amount was a rate of flow occurring at the midpoint of the 6-hour period. 
_ Check computations of the natural tributary hydrographs were made from | 

7 rainfall data and upstream flow records by a method developed from pre- : 
reservoir storms and floods. These check hydrographs agreed closely with 
those computed from reserv oir- ‘storage increments and actual discharge thus 


indicating, in the case of the large tributary re reservoirs, ‘that there v was li little | 


difference between natural discharge and reservoir inflow. 
. Natural and actual discharges, in cubic feet per second, on the five sea 


tributaries are shown in Fig. 3 for the 1946 flood. Actual headwater levels at 
the dams and normal maximum headwater levels are also shown. For Hi- 


Ww wassee River, the total volume in the three reservoirs (Hiwass assee, , Chatuge, and 


Nottely) is used because these were considered to act asa unit. . 
_ the main Tennessee River the first step in the computation of natural 


discharge was. the determination of the unmeasured flow into each reservoir by = ea 
~ combining the reported daily discharges at the upstream d. dams and the tributary — 
- gaging stations, the discharge at the downstream dam, and the daily y change in 
og a8 represented by the change in headwater level and flow-storage 
curves. this procedure a rd routing form was used, the reported 
"discharges : and headwater elevations were entered on the form, ‘and the cor- : 
4 _ responding storage was read from the flow- -storage curves. From these amounts 
the total inflow into the reach w: was computed; and, since the measured propor-— 


— tion of the total was known, the unmeasured flow was | determined. ‘ou Next, the : 


— 


main- river dams and at Knoxville, and are re shown i in 
4 to 9 for the 1946 flood. . Stages eatend of discharges are shown at Paducah 
and Cairo, on the Ohio River 


_ The method used to compute inflow uses reservoir-volume curves which, of 
course, are mass curves. The difference between two points on the curve 
the rate of 1 increase in eye and an error made i in reading a volume at a certain 


time would affect the inflow | for two periods only, and would be » compensating. a 
Routing computations wer were checked by comparing total inflow with total out- 


“flow during the flood period, given to in 


J. Rutter, B. Graves, and Franklin F Snyder, Transactions, = 


— 
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reaches and elr sum was routed downstream through the successive 
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¥FECT OF OPERATION OF 
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OOD CONTROL 
of floods occurring before the reservoirs were built to detect any inconsistency. _ a 


_ A comparison n of total flood | volume ¥ with | average r: rainfall also affords « an over-_ 


all check of the computations. 
REDUCTIONS | 


Maximum discharge and stages and eal reductions: for the three floods” 


actual stages in 1 Table 5 the combined of upstream ‘storage, 
= backw ater effect from a downstream dam, and the effect of "lowering the so 
water surface by channel improvement. would be expected, the greatest 
reductions in stage occur immediately from the large tributary 
_Teservoirs and, generally, reductions become smaller as the Mississippi | River 


approached. 


a ete obtained by applying the computed natural d dis- 


In the 1946 flood natural volume a at Chattanooga for | 16- period 
from: January 5 to January 20, inclusive, would have amounted to 2,554,000 
sec-ft. ith an allowance f for an average b base flow of 34,000 cu ft per sec 


per day, this volume i is equivalent | toa runoff of 3. 50 in. from the rainfall at - 
“The contribution of the 600-sq -Sq- -mile area between Chickamauga and 


-~ Chattanooga g: gage was determined by subtracting the reported daily dis- 


"charge a at the dam from the discharge corresponding to the Chattanooga — al oe 

4 consideration also being given to the stream gage re record on South Tibia 7 


"Creek. To establish the natural Chattanooga discharge, the local contribution 
_ determined from actual flows was added to the computed natural ‘discharge i 7 
at Chickamauga. local contribution has become of great importance 
_ because | it comes tom the only part of the area above Chattanooga over whic hich” 
there i is no control. ‘The 600-sq-mile area is only 2.8% of the total area above 
- Chattanooga; but in the 1946 flood it contributed 22,000 cu ft per sec, or about — 
4 (10%, to the actual peak and 30, 000 cu ft per sec (also about 10%) at the time 


the natural peak would have occurred. A discharge of about 10,000 cu ft aad 


13 to 29, inclusive, w have : to 2,767, 000 

’ sec- ft - Wi ith an allowance for an average base flow of 32 ,000 cu ft er sec per > : 
this: volume j is equivalent to a runoff of 3.85 i in., or 63% of the rainfall of 
‘The flood volume : at Chattanooga for the 14- period from Feb- 
Tuary 12 to February 25, 1948, inclusiv e, W ould have been 2,089,000 day-sec-ft.. 


flood runoff amounted to 2. cand in. from the rainfall of 3.42 i in., or 738%. — 


ith an allow ance for an average base flow of 46,400 cu ft per sec per day, ‘the 


morning of January Without the this stage ‘would have been 
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Lo I Location, 


Fontana. 
Norris 
Watts 
Hiwassee......... 
Chickamauga 
Chattanooga...... 

Hales Bar. 
Guntersv: ille 


4 Paducah. 
Cairo... 


— 


Knoxville......... 
Fort Loudoun.. 
Watts Bar........ 
Hiwassee......... 
Chickamauga..... 
Chattanooga...... 


WwW heeler. 

Wilson. 
Florence. 

Pickwick. . 


Knoxville... 


Fort Loudoun.... : 


d Chickamauga. 
Chattanooga. 
‘Hales 

Guntersville...... 

4 


_Pickw 
Paducah.. 


TABLE 5 Repuctions AT So 


Autuority Dams anp RIv 


in 


feet 
second 
(a) 1946 Fioop 


Discharge, in 
cubic feet per 


“10000 


Discharge, in ‘Stage, in 
cubic feet per & 


3 


3.2 21,900 931.3, 
92.5 | 21,200 | 877.3 
24.3 | 50,000 
5.0 | 65,000 752.3 
7.0 | 18,700 1,282. 
48 | 21,200 | ‘831.5 
5.6 | 163,000 | 694.0 
9.5 | 13,800 | 1,280.40 
9.4 | 208000 659.4 
5.8 | 222000 | 35.7 
9 | 260,000 | 577.6 
8 | 332,000 | 508.72 
| 348,000 | 428.7 
29.2 348,000 | 426.2 
5 | 365,000 305.9 
(391.6 


| 22/900 ‘877.8 
5 | 52,800 751.4 
7 | 16,700 | “1,282.0 
| 21,000 31.5 
| 127/500 | 690.9 
14/300 1,280.2 
9 | 160,000 655.3 
| 188,000 31.8 
| 199,000 = 615.7 
227,000 «575.7 
77 295,000 509.14 
5 | 315,000 
| 315,000 | 4248 
818,000 | 390.9 
2.8 | 303,000 330.0 
ih 


q 


939.0 7,000 9 


876.8, 
49.9 

| ¥ 1,279.0 
“'826.8 
696.0 
1,278.92 

33.8 
«617. 6 
577.2, 
a 


509.0 
429.2 


00 | 396.1 
392.3, 
0 | 338.9 
332.0 


46.75. 


ue TENNESSEE VALLEY 


Discharge, in 
cubic feet per 


RR NN EN NOOO Wh 


DORN 


95,900 «| 15.2 

138,000 | 73,000 «| 

19,600 | 1,2 5,800 | 0.9 

301,000 | 6 93,000 | 10.0 

320,000 | 5 60,000 

neeler.......--.| 380,000 | 5 48,000 | 

“4 Pickwick.........| 380,000 3 15,000 1.6 

130,000 | 8 | | $1,400 

55,500 | 1,24 38/800 

 §2,000 | 8 31,000 

254,000 | 7d 126,500 

285,000 | 64 125,000 

307,000 | 4 

— 301,000 58 | | 74,000 | 
345,000 | 44 30.000 — 
_ 48,800 29300 | 7.5 

| “27200 1,2842 | 4/900 22'300 | 5.2 

con 66,700 842.4 6,000 60,700 | 156 

atts Bar........ 260,000 703.9 | 193,000 67.000 | 7.9 

305,000 44.3 205,000 100,000, 10.5 — 
297,000 | 624.8 |. 194,000 | 103,000 | 
359,000 430.1 | 380,000 21,000 | 19 
359,000 428.2 | 380,000 — 21,000 | — 1.0 

378,000 339.7 | 444,0 "66,000 | 08 g 

Tailwater elevations of these projects are greatly affected by normal pool level of downstream 

ie 


458 8 ft on January 10, or 10.1 ft higher than the actual. | On the basis of a 
- survey? made in 1938, damage of $6,500,000 would have been suffered, but 
was almost entirely eliminated the operation of ther reservoirs. This 
sum was $11,800,000 under conditions and values existing at the date of the 
ory as determined by a house-to-house survey, made in 1948, of new con- 
_ struction since 1938 and by an estimated increase in the dollar value of dev elop- is)” 


— 


In the 1947 flood the actual peak stage was 5 31.8 ft on January 20, and the 
natural peak w ould have been 44.5 ft 2 days later. _ This ieenee of 12. J ft 


damages of $11,500,000 under 1947 conditions. _ Sane _ 
—-In 1948 the flood reached a stage at at Chattanooga of 33. 8 tt on February 1 14. -— | - G 


ithout the reserve roirs: the stage w vould have been 44. 3 ft on February 15. 
_ This flood would have been the seventh highest at Chattanooga, and would -s * 
have established the unique occurrence of three ‘major floods in three con-— 
a secutive years. . The reduction in stage of 10.5 ft was worth $12,900,000 in — 
erted damages under 1948 conditions, and made the total reduction i indamage 
at Chattanooga from all floods including s several smaller « ones ‘since 1936 about 
“On hers Tennessee Rive: er below Kentucky Dam the ‘1948, flood 


a 


At a stage of 52.1 1 ft was reached on January January 18, 


January, 1947.. 6.07 | 6 
1948. 


and January 19, 1946. This flood ¥ was the highest that had occurred at Cairo ~ =i 7 
go early in the year. Without the reservoirs it has been computed that the aL — ; 
‘a 7 peak wot w ould have been. 53. 5 ft. _ The reduction of 1.4 ft represents a saving in| —_/? ~ 7 
damages downstream from Kentucky Dam of about $500 ,000 which is 
relatively small amount because of the time that the flood occurred. . Had the 
7 same flood occurred in April or May the saving would have been as much as > a 
five times greater for same reduction. 
_ At Cairo a flood crest of 46.75, 
TABLE OF FLoops was reported on February 23, 
ar Cuarranooca, TENN, 1948, which under natural con-_ 
ditions would have been 48. 7 ft 
od tion, in | runoff, | stage, February 24, Such a flood 
men’s days _| in inches | in feet stage. is not serious on the lo lower 
nuary, 1946..] 485 | 4 | 3:50 | 458° 
250° At many other points on on the 


were prevented during these 


floods. Below each ofthe major 
: tladees dams natural crest stages were greatly reduced, the reduction amount- _ 


; ing to as much as 15. 6 ft below Norris Dam in the 1948 flood. At Knoxville a 


peak stages ¥ were reduced by 9.8 ft in both 1946 and 1947. 7 Noe estimate of the. 


Computed natura 


— 


_ *"The Chattanooga Flood Control Problem,” House Document No. 91, 76th Cong., 1st Session, 1939. a 


&- J 
| 
4 
og have been exceeded in crest discharge only by the floods of 1897, 1882 ata 7 7. 
an¢ 
: 
i. 
| 
— 


- “Table 6 shows the rainfall, runoff, and crest stage of seven floods at tChat- 


tanooga; and hydrographs o of oi semen the floods of 1875 and 1886 are shown 


in 10. The storms producing these floods, however, were much different 


i be mail between a average porns and crest stage. The 1 1917 ‘storm was more 


March 7,/9/17 
341,000 


47.7 feet 
January 22, 1947 (Natural) 
A. 307,000 cfs 

44.5 feet 


February /5, (Ne. 
305,000 cts 


January 7 1946 (Actual) 


20, 1947 (Actual)\| 
188,000 cfs 


SYMBOLS: 
Aprif 1920 
—— January 1946 (Natural) 
January 1947 (Natural) 
February 1948 (Natural) 
January 1946 

January 1947 (Actual) 

1948 (Actual) 
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Fra. 10. —CoMPARISON oF 1917, “1920, 1946, 1947, AND 1948 ‘AT TENN. 


_— with respect to time an and area than any of the others. The 1920 storm — 
‘was greater” over the southern. part of the basin than over other parts, 
: most of the rain occurred in 2 of the (5 days. In January, 1946, there was a 


Be sunray of 3 days with only min minor rainfall between two separate | storms and ‘007 7 


Fa. 
45.8 feet | 3° tm 
@ 
| 
q 


FLOOD CONTROL 
storm m was similar to the 1917 storm but the rate of rainfall per day was less 


any of the storms, a crest stage ‘comparable with the others 
‘i because of the high concentration of rain on the areas close to Chattanooga, 
particularly on the ‘Emory Rive er. 
As stated, the flood dof 


T TABLE 7.— 7—Hicuesr ‘Eveven Froops -February, 1948, would 

been the seventh highest 
fi flood since 1867, being 
| Stage at | Discharge, ¥ ceeded by the floods of 1867 = 


| Johnson- | in cubic 


ville, Tenn., feet per 1875, 1886, 1917, 1946, and 


1947. Never before have 


4 March 24, 1897... 4850 475, 000 
January 31 to February 2, 


447,000, 
March 2. 1875. in three 

4 arch 22, 186 i 416 

5 | February 21, 1948 ; = Ff 378,000 ut in 1917, 1918, and 1920 

6 | February 21, 1884........| 434 | 377/000 floods occurred w 


tf March 30, 1884 41.4 | 373,000 
April 15-16, 1886 42.1 372,000 reached crest stages of 47.7 
January 3-4, 1927........ 367 
March 31, 1899 360,000 


Computed naturel flow at Kentucky Dew. the February, 1 1948, 
flood would have been “the: 

+ fifth highest on the inn er Sanna Riv er. Itis difficult to make an accurate 

~~ —. of floods on this section ¢ of the tiv er before and after the e reservoirs — 
because present stages ‘at the Johnsonville (Tenn.) gage are not comparable 

previous stages. A comparison may be made, however, between dis-— 

- charges at Johnsonville for pre-reserv oir floods and computed natural bees 

charges at Kentucky Dam for recent floods. Table 7 lists. the hig 


floods arranged in | descending order of crest discharge. — 
ACCELERATION oF Fioops 


er reservoirs. At Fort Loudoun Dam ‘the large storage effect of Cherokee 
Douglas reservoirs offsets any acceleration. Beginning: with Watts Bar 
Bote voir, howe ever, the actual hydrograph rises more rapidly than the e natural 

~-hydrograph, the difference betw een the two becomes progressively greater 
ag the flood passes downstream. _ The peak reduction in discharge afforded | 
the tributary | also less until at Pickwrck Dam in the +1946 
flood the reduction i is only 15,000 cu ft per sec as compared with 98, 000 cu ft 
sec at Chattanooga. At Kentucky | Dam the acceleration was 
creased by drawdown t in the 1946 flood the actual discharge exceeded © 
the computed natural discharge by a substantial amount. From January 6 


to January 14, 1946, « a a volume of 1 400, 000 a acre- e-ft was as discharged which, under | _ 


42.7 ft, and 43. 6 ft, 


— | ™ = 
4 
Ti. 
a | 
comparison of the natural and actual hydrographs given in Figs. 4 to 9 
a” ' 


a 


FLOOD CONTROL 


a A similar acceleration occurred i in the 1947 and | 1948, — as shown by 1 the 
- difference between the rising limbs of the natural and actual hydrographs. 7 In 
“these floods, b because of the relatively large volume stored in the tributary 


‘the acceleration w was not substantial down to Chattanooga. 
‘Dam a ‘volume of 1, 110, 000 panne was s discharged between . January 16 pind 
a January 25, 1947, which under natural conditions would still have been in the 
Tennessee River discharged later. This acceleration was beneficial to 
stages on the Ohio and | Mississippi rivers; and, followed by filling 
_ normal: level at the time of the Ohio River crest stage, a substantial reduction 7 
was sproduced. 
A computation was made to determine whether the 1946 flood could ee 7 
4 been accelerated a greater amount. The only } method by which this could h have 
‘been accomplished was by reservoir. to its minimum allowable 
pishe s by s owabie 
headwa ater level and holding that level throughout the flood. It was found 
“some further acceleration would have been ‘eens by this method, particularly 
on January 6 and January 7; but it would have required a know ledge of the 
size of the flood on January 5, W hen the storm was only beginning. © Some of 
the additional acceleration would have been lost the floodwater. passed 
through | Hales Bar and Wheeler reservoirs where the spillway capacity is 
__ limited at the lower lev els, and also as it passed through the long (184 miles) a 


Kentucky Reservoir reach. At Ken ntucky Dam the additional acceleration 
That the have diminished to only a a small amount and it can be stated, therefore, — . 


that the 1946 flood could not have been accelerated more than i. neteniie was. 7 
‘This accelerating effect of main-river reservoirs has been known for some | 
time. In the early studies of the Tennessee Basin made by the Corps of Engi- 


neers and i in * operation studies made ~ TVA it became apparent that this 


' “under natural conditions and ahead of the crest on the Ohio River is a method 
“of preserving storage capacity for use at the time of the Ohio River crest. 7 The 
_ acceleration i is s caused, of course, by holding the > headwater level constant, or 
_ by lowering it, at the time of high inflows. - ‘The effect of this operation is to 
_ decrease the amount of inflow going into storage and, as a ® reeult, to increase 


OPERATION ACCORDING TO A Rue 


study of nation of the main-riv er reservoirs above ac- 
cording to a fixed rule was made to discover Ww hether an an improvement could” 
have been made over the actual operation. . Under the assumed fixed rule, re- 
leases at Chickamauga, and also at Watts Bar and Fort Loudoun, depend on 
the Chattanooga stage and the Chickamauga headwater level, no no knowledge of 
- the rainfall o or prediction of inflow being | ‘required. The rule was was planned so. 
_ that complete use would be made of the available storage in Chickamauga, 

Watts Bar, and Fort Loudoun reservoirs s during a flood equal to the maximum — 
of record, which was about 12 ft higher * Chattanooga than the flood of 


ge large volumes of from the River 


| 
| 
‘a 
i 
_ to dischar 
4 
| 
> 
|. 
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a 
January, 1946. hen it it is is recognized that a flood is developing, tl operation 


Hold the normal headw ater level : at Chickamauga (El. El. 675) until eae a 20- ft a 
is s reached on the Chattanooga gage. 


2. Increase the stag age, not exceeding 30 ft, attempting to lowe ver Chickamauga e. 


5 w 

EB. 
oO 
co 
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co 
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4. Increase the stage e to oid and hold it until the headw ater elevation, El. 


4 

successive 1 -ft increases in the Chattanooga s' stage ‘for each 1- ft 


‘rise i in the Chickamauga head water elevation until, with a 38- ft stage, the head-— 


6. Hold El. 685. until the peak of the flood is past and thee promptly 


return the reservoir to normal lev el with a ‘decreasing rate of release from 
Pi Hold the “normal. headwater level at Watts Fort. ‘Loudoun 
~_-reserv oirs until a stage of 20 ft is reached at Chattanooga. Thereafter, up to 
the time of the Chickamauga peak, hold discharges at 0.7 and 0.4, respectively, 
. of the Chattanooga allowable discharge, unless they are limited because of 
minimum headwater or full reservoir. (By “ “allowable discharge” is meant the 
discharge indicated for the Chattanooga stage and the Chickamauga head-— 
8 . When the headwater er elevation begins to recede, return the three reser-_ 
voirs to normal levels at rates consistent with flood conditions on the lower 


Tennessee Riv er. 
The foregoing r rules were applied to the three floods in. 1946, 1947, and 1948 © 


as far as possible, assuming that the actual tributary operation would be re-— a 4 
peated and that the normal headw; ater elev ation would be maintained prior to ia | 
~ the flood. | The rule for 1 release, at Fort Loudoun, of four tenths of the Chat-_ _ - 
tanooga discharge could not be used because of the relatively low flows at Fort. 


Loudoun. That reserv oir was drawn to the minimum level and held there 
a comparison (see Figs. 4 an d 5 and Table 8) of the fixed-rule operation — Oo 

h the actual operation shows: that the ‘maximum headwater levels in the 
~ three reserv oirs were lower with fixed-rule_ operation. In the 1946 flood the 
: peak stage at Chattanooga would have been 33 ft instead of an actual stage ~ 


35. 7 ft. The greater reduction would be obtained by increasing the he release > 
“earlier and thereby holding the available storage for later filling. It is 


ofe course, ‘that there Ww would be objections to the sudden increase from 20 ft to 
6380 ft even if it were phy sically possible to open the gates (actually the stage i in- 


= - 


af 
im 
| 
i 
> 
t 
A: 
4 
4 
¢reased Trom 2U It to 3U It in about 1S hours), Dut it should always be pane in 
ee _ mind that the sooner the 30-ft stage is reached, the lower the peak may be _ 
= 


FLOOD CONTROL 

For t the 1947 1948 floods the fixed-rule. operation would ¢ give ve only ¢ 
small ‘additional reduetion (0.8 ft) at ‘Chattanooga below the actual crest 
stage. The three main- -river Teservoirs, however, would have been in _ better 
condition for retaining additional flood flows if they had occurred, because of 


“the lower headwater levels. 


TABLE 8.—Comparison oF OPERATIONS FOR Tenn. 


‘Tributary Chicka-|_ Chicka- Chicka- 


“Main river 
mauga mauga 


Natural «88. (176 | 202 


Actual 
Fixed 


stage heights, in feet, 


: Z Cols. 3 and 4 contain the maximum discharge, in thousands of cubic feet per second, and Col. 5 contains _ 


considerable study. A tentative guide curve has been “developed 
which tributary reservoir discharges would be determined by. reservoir stages. 
Int the floods of +1946, (1947, and 1948, operation to the» 


‘Operation OF RIVER ResERvorns FOR MAXIMUM PossiBLe REDUCTION 


In addition to the study of the main- river reservoirs. above Chattanooga 
“according toa fixed r rule, an investigation was made of an operation in which — 
it was assumed that. complete knowledge of the inflow w ould be available and — 
that full use would be made of flood-control storage. As in the fixed-rule 
‘study, it was also assumed that the tributary reservoirs would, have 
operated as s they actually w were. This operation shows the results which could 

be approached if the ‘ ‘ideal” were realized. . However, it seems almost im- 

- possible that such complete knowledge will ever be available i in advance for a 
- flood of major proportions, and this’ method merely indicates the possible 
of ‘ “hindsight” operation, 

This: ideal operation consisted of drawing ea ach main- reservoir to its 
minimum level, ate produced 
- later, and then of holding that level if possible until the dichionge: increased to. 
Ww which, if. maintained, would cause the reservoir level to rise to the 
maximum: permitted. — Such an operation requires a knowledge of the inflow 
produces a flat-peak discharge below each dam. At Kentucky Reservoir 
modification of the operation was made. Instead of producing a flat dis- 
__ charge below the dam, the reservoir was filled by ‘releasing water at rates that. . 


would produce a a flat peak at Cairo. The r reservoirs: were returned to. their 
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| 287 | 305 | 44.3 .—l 
33.4 | 216 | 239 37.5 
| 181 | 33.0 | 162 | 181 | 310 171 «198 330 

123 | 153 | 27.5 | 97 | 123 | 237 | 80 | 111 | 221 
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‘normal levels at rates with flood 


that the releases would affect. Cairo stages. In the 1947 flood they Ww 


turned to normal levels immediately by making the discharges equivalent t to 


Figs. 4 to 9 for the 1946 flood at each dam and at Chattanooga, 
"Paducah and Cairo, the results of the ideal reservoir operation. Hydrographs 
“for the natural cnditinné and for other - operations are also | given for comparison. _ 
‘The maximum stage in the 1946 flood at Chattanooga with ideal operation of 
-‘main-river reservoirs was 27.5 ft; and, at Cairo, 47.4 ft. In the 1947 flood the 
stage at Chattanooga would have been 23.7 ft with the ideal operation; and, = 
in the 1948 flood, it would have been 22.1 ft. Because of the relatively small 
"magnitude of the 1947 flood at Cairo, : studies of hypothetical 1 reservoir operation 
"were not made below Chattanooga. 
oF TRIBUTARY Reservoirs on 
7 The effect, at Chattanooga, of the tributary 1 reservoirs alone was determined | 
by: assuming that the main- -river reserv roirs were not built—that i is, that natural 
conditions” would exist in the Tennessee River. It was ¢ also” assumed that 
‘tributary reservi oir operation would be the same as the actual operation. ‘The 
difference: between the hy drograph thus ; computed and the natural hydrograph 
the effect of the tributary reservoirs, and a comparison with the actual | 
> hydrograph shows the effect of the three main-river reservoirs. ie 
: a Peak discharges and stages for the three floods computed on the itions for 
assumptions are shown in Table 8 together with peaks 1 for other conditions for for 
comparison. Hydrographs o of the 1946 flood are shown in Figs. 4and5. 
‘It will be noted from Table 8 that in the 1946 flood the tributary reservoirs 
(ld the flood at Chattanooga from stage 45.8 to stage 38.1, or 7.7 ft, and 
that the three main-riv er reservoirs provided additional reduction to stage 35. a 
: or 2. 24 ft. _Howeve er, if greater u use 0 of the main-river storage | had been made, 
"greater reduction would have been possible, as indicated by the ideal operation. 7 ae 
- Operation according to the fixed rule also would have seal a greater reduction _ 
_ ‘because of the more efficient use of storage, 
In the 1947 flood the tributary reservoirs s reduced the flood from a , stage « es 
445 5 ft to one of 33.4 ft, or 11.1 ft. _ The main-river reservoirs s provided addi-- 
tional reduction to 31.8 ft or to 1.6 ft. “In the 1948 flood the tributary ré reserv rvoirs 


_ were responsible for a reduction of 6.8 ft and the main-river reservoirs for a 
reduction of 3.7 ft. 


FFECT OF RESERVOIRS on STAGE IN THE 1946 AND 1948 

Operation of of all reservoirs above Chattanooga was assumed i in \ this study as 

a 
being primarily for » the control of the flood at that. point. | ‘It is desirable to _ 
the effect. of this operation a at Cairo, and also the effect of operating the 

lower Tennessee Riv er reserv oirs. compute these effects, two additional 

routing: studies were made. In one the effect at Cairo of all reservoirs above | 

- Chattanooga was determined by assuming t that there were no reservoirs + 


Hales | Bar—that i is, that actual discharge at Hales Bar combined 1 with inflows 


| 
q 
| 
a 
1) 


La 


CONTROL 


below that | point was s carried downstream to Cairo under natural conditions. 


The difference between this hydrograph and the natural hydrograph indicates 


effect. of the reservoirs on the upperriver, 


_ In the second routing study, Guntersville, W heeler, and Pickw ick reservoirs a 


the Cairo stage, for this condition, is with he hy drograph 
for reservoirs above Hales Bar, it shows the effect of Guntersville, W heeler, 

and Pickwick reservoirs. —W hen the Cairo stage is compared with the actual 


_hydrograph, the effect Kentucky Reservoir i is obtained 


ABLE 9.- oF OPERATIONS FOR CAIRO, Inu. 


| 
‘Operation of reservoir |— 


system KENTUCKY Papu ‘AI 
NTUC _ | Papucan| Carro 


Dis- Tailwater| Ele- Stage, is- Tailwater| | Stage, 
charges elevation | vation | in feet elevation} vation | in 


(2) (8) @ | L 


Hale | 5 | 3338 | 532 | : | | 3 32.8 


All R i 

‘river reservoirs. .| 364 17. | 338.1 43.5 


Discharges, in thousands of cubic feet per second. 


3 


ae Table 9 9 shows peak discharge at Kentucky D Dam and peak stages at Paducah | 
and Cairo for the various conditions. _ ‘Hydrographs ar are shown in Figs. . 6 to 9 
ie the 1946 flood. In the 1946 flood all reservoirs above Hales Bar Dam © 


“pele a peak - reduction at Cairo of 0.3 ft; Guntersville, Wheeler, and in 


q 


is 


produced an additional reduction. of 0.1 ft; and Kentucky, a reduction 


ville: reservoirs is small—almost negligible—but available storage was. not com-— 
pletely filled because the flood did not reach critical stages at Cairo. it should 
3 also be noted in Table 9 that the e regulated peak discharge from Kentucky Dam — 


was greater than the natural peak discharge, but that the peak stage down n= 
stream was less. . This result is possible, of course, only if the increased flows’ 
do not coincide with the Ohio River peak. _ Hydrographs i in Fig. 9 also show 
that the major effect of upstream regulation appears after the Cairo peak and - 
_ that Kentucky ‘Reservoir i is most eff effective on the peak, as W ould | be expected. a 
a aforementioned three. floods of 1946, 1947, : 1948 are examples 0 of 
flo ods that oceur during the winter or spring flood season on the Tennessee 
_ Basin, and which have relatively high flows in the Tennessee Riv er and rela- 5 
_ tively low flows i in the Ohio and Mississippi rivers. In such cases the ‘ tributary - 
_ reservoirs store a large proportion of their inflow; na if the water levels a 


zx 


Natura 
3 
— 
a 
| 
ia 
& 
| 
— 
a 
— 
5 


above elevations, they are, are returned to nor ormal within | a short time, , 
usually, in about 2 weeks. Moreover, moderately high stages may occur in : 
the Mississippi River at this time of the } year without causing any crop damage. 


; a. 4 Floods of a different type, in which flows are relatively low in the Tennessee | 
River and relatively high in the Ohio and Mississippi rivers and which 
Z an da ater in the season when agricultural operations have begun, present different = 
ipl roblems in reservoir operation. During th these floods storage probably v will 
be retained in the tributary r reservoirs and not released until late in the ye year. = rs 4 
Th he retention of tributary” inflow over a period of months, combined with 


Kentucky Reservoir, will reduce stages at Cairo over a long period. In addi- — 
_ tion to preventing the flooding of some : agricultural lands, other lands may be. 
a entered and \ worked sc sooner than under natural flood conditions. Tes 


- stor storage in the main-river reservoirs and the positive regulation afforded by ¥ 
«K 


ct 51.6 ft on April 3 (see Fig. 11). >... ithout vA reservoirs the crest would ol : 
been 53.4 on April 4. Stages then fell until | April 12 when, following heav y 
rainfall on the upper Ohio River, a second crest stage of 47.9 ft was reached * »4 
April 23, April 24, and April 25. Without the reservoirs this crest: would | 
~ have been 49.0 ft on April 21. - Drawdown of Kentucky Reservoir was = ; 7 
_ menced on March 23 when it was certain that the Cairo stage would continue . 7 
7 to rise above 40 ft, but the headwater level w was returned to ‘EL 354 when — _ 
ye predictions did not indicate serious crest ome. s. On ‘April 2, Kentucky Reser- 
_ voir discharge was reduced to turbine capacity (60,000 cu ft per : sec) and ahaa 


rate was — for 7 days throughout the crest period at Cairo, 


increased when Cairo stages fell — 


STORAGE IN “TRIBUTARY Res- ft to lower the headwater level. 
THE TENNESSEE regulate the second crest on April 

‘LEY AUTHORITY (in THOUSANDS 24, and April 25 the was 
 ACRE- Freer) Durina THE 43-Day reduced from 145,000 cu ft per sec” on 


Prrrop CORRESPONDING TO April 16 to 60, 000 cu ft per sec on April 


25-May 6 ar Carro, Inu. and this wasn not exceeded for the 


mainder of the crest period at 
Reservoir Inflow Outflow Storage The natural Cairo crest w ould have been 
ft on April 21. » Ther reduction 
60 | 518 420 
3186 the second crest the reduction | of ft 
represents about $600,000 in averted 


in Chatuge and Nottely damages. 

Actual stages at Cairo were lower 

"than natural stages from March 25 

May 6. Except for power releases the entire tributary inflows” 

were stored ‘during a corresponding period, as shown i in Table 10. 

he tributary” reservoirs stored 1, 782,000 acre- -ft or about 56% of their 
‘inflow during the day period corresponding to March 25-May 6 at Cairo. 
s This storage is equivalent to an average discharge of about 21,000 cu: ft per BEC. 
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OPERATION OF TENNESSEE. VALLEY AUTHORITY on 
AT Papucau, Ky., anp Catno, Inu.; FLoops oF APRIL, 1948 


from their 
“flood- season levels to ‘their maximum normal levels within this period a and the _ 
total amount stored was 2,041, 000 acre- ft, , of which 898,000 acre-ft, or 44%, + = 
occurred in Kentucky Reservoir. This storage equivalent to an average 

discharge of 24,000 cu ft per sec during the 43- day period, making the total 
average decane retained by the reservoir system equal to 45,000 cu ft per sec, 
which is equivalent t to about 1 ft at Cairo. _ Regulation by Kentucky Reservoir — 


/ produced greater crest 1 reductions than the average indicated by the storage 


over a 43- -day period. — 
“TABLE 11.—Crest Sraces anp Crest Repucrions 
ocation NATURAL CTUAL ATURAL CTUAL 
: Flow | Stage | Flow | Stage | Flow | Stage Flow Stage Flow Stage srs snail _# 
(1) (2) | 3) 4) | G6) | © | (2) | (3) (4) G) © 
Kentucky. . 180 | 332.9 | 1312 | 329.8 3.1 170 | 331.9 | 146 | 330.2 | 24 
Prior to the reduction of the outflow to turbine capacity. 


‘Table i gives the natural and actual flood crests and crest reductions at _ 
: Kentucky Reservoir and at Paducah and Cairo. N No computations of hypo- 7 
-thetical operations | were ‘made for this flood because of the relatively low flows. 


on on the Tennessee River. 


_ The results of the studies s reported in in this | paper lead to | five conclusions, — 


-. + The crest stage ¢ of floods o of January, 1946, January, 1947, and February, : | 
1948, were reduced 10.1 ft, 12.7 ft, and 10.5 ft, respectively, at Chattanooga - 


by the operation | of the TVA reservoir system and, in the 1946 flood, to ‘15 ft 
at Cairo. These reductions preven ented damages of $37,100, 000 at Chattanooga 
and of about $500,000 below Kentucky Dam. Reductions of two flood crests. = 


at Cairo in April, 1948, amounting to 1.8 ft and 1.1 ft provented a aa 


about $1,600,000 below Kentucky Dam. 
2. The reductions: below the natural crest at Chattanooga i in the 1946, 1947, 
‘and 1948 floods were about 55%, 61%, and 47%, respectively, of the greatest 
possible reduction, and at Cairo in the 1946 flood the reduction was about 25%. : 


* should be how ev ver, that as as indicated to 


— 


a 
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FLOOD CONTROL» 


3 If : a fixed rule of operation had been follow: ed w vith the three main- river” 

- reservoirs above Chattanooga, an additional reduction of 2.7 ft would have 

been possible at that point in the 1946 flood, and the reservoirs ° would have ~ 

- been in| as good condition for storing inflow from possible additional rainfall | : 
as they actually were when the crest had passed. In the 1947 flood and the | 
flood the fixed-rule operation would have given only” a slightly greater 
reduction than was actually obtained. 

a * The acceleration of the flood by main-r river reservoirs is indicated to have | 
as was revealed by the early planning studies. Natural storage” 


capacity of the Tennessee River normally had an adverse effect « on Ohio River 
flood crests because of the relative timing of the flood waves. The elimination | 


to ‘the reduction of Ohio River The of reservoir 
storage at the time of the Ohio Riv er crest has reduced those peaks still further. 

“Reductions in Cairo stages will occur over long periods when the TVA 

- porta are being filled to maximum normal levels after the flood season in 
the Tennessee Basin. this filling is coincident with floods on on the Ohio and 

7 Mississippi rivers, there will be a substantial s saving in 1 damages, | as in the flood 
of April, 1948. Even | the reservoirs to maximum level a 


to regulate a large feed at 
~The material presented herein 
"Flood Control and Drainage Branch of the Division of Water Control Planning 


of TVA, Nearly all all members of the Flood Control Section participated 
these studies at some time. % Comments and suggestions by ‘members of i 
Section. and by Charles W. Okey and James 8. . Bowman, Members, ASCE, 


and by S. M. ard, Hon. M. ASCE, were greatly y appreciated. 
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